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Lepton Flavor Universality is a simple concept:
The weak interaction bare gauge couplings among leptons are the same e / m/ t

ÅThe weak-ƛƴǘŜǊŀŎǘƛƻƴ άǎǘǊŜƴƎǘƘέ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ CŜǊƳƛ /ƻƴǎǘŀƴǘΣ GF

ÅMuon decay provides the most precise measurement
ÅTechnically it determines Gm, which is usually just called GFΧ ōŜŎŀǳǎŜ ǿŜ ōŜƭƛŜǾŜ ƛƴ [C¦ Η

GF(MuLan) = 1.166 378 7(6) x 10-5 GeV-2   (0.5 ppm)

PRL 106, 041803 (2011)

Phys. Rev. D 87, 052003 (2013)

Questioning the validity of what 
ƻǘƘŜǊǎ ǘƻƻƪ ǘƻ ōŜ ǘǊǳŜΧ 
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Status now? Strong hints of problems with various Bdecay 
channels and leptons*

. Ҧ 5(*)ˍ˄ κ . Ҧ 5(*)µ ;˄ charged currents

. ҦY(*) µ µ κ . ҦY(*) ee; neutral currents

O(10%) deviations from universality !
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arXiv:2204.12175[hep-ph]

!ƭǎƻΣ άƭƻǘǎέ ƻŦ ŀƴƻƳŀƭƛŜǎ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŦƭŀǾƻǊ ƳŜŀǎǳǊŜƳŜƴǘǎ

https://arxiv.org/abs/2204.12175


Physics Case 1: Test LFUV at precision of theory

ÅLepton Flavor Universality test in

This just demands to be tested better!  A clean generic way to look 
for new physics.    Theory vs Experiment in high precision test.

Will be (by far) the most precise test of Lepton Flavor Universality

15 x worse than theory
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Physics Case 2: Improve pion beta decay by factor of 3
(note:  This is a long term goal, representing Phase II of PIONEER)

Again a ~3sproblem (or even more)

Dominant uncertainty in d| Vud| are associated with 
hadronic and nuclear corrections

Pion beta decay,                                    provides the 
theoretically cleanest determination of |Vud| 

BUT, uncertainty is too large at present. 

New idea* , a 3-fold improvement (~doable) in pion 
beta decay, together with improved
Improves RV as shown 
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Brymanet al, arxiv.org/pdf/2111.05338.pdf

See also A. Crivellin/arxiv.org/pdf/2207.02507.pdf



A Physics Case suggesting they might be related ! 
Start by assumingunitarity. The Vud you get by taking: |Vud|

2 = 1 ς|Vus|
2

Is different for what is implied by using Kl2 and Kl3

ǘƘŀƴ ǘƘŜ άǎǘŀƴŘŀǊŘέ Vud from beta decay

Crivellin-Hoferichter 2002.07184, PRL 

Is this tension a sign of LFUV ??



Physics Case 3: Exotic physics search:
Example: Heavy Neutral Lepton Limits (PIONEER proposal)

7

Coupling to first lepton generation Coupling to second lepton generation

https://arxiv.org/pdf/2203.08039.pdf

The Present and Future Status of Heavy Neutral Leptons
Abdullahiet al

Contribution to Snowmass 


